The cellular biocompatibility of two types of nanophase hydroxyapatites including nanophase standard hydroxyapatite (n-HA) and nanophase calcium deficient hydroxyapatite (n-CDHA) synthesized by a wet chemical method were assessed using primary cultured osteoblasts. Cytotoxicity of both materials was investigated with L929 cell line. The MTT method was used to evaluate the proliferation of osteoblasts on the third day and ALP activity assay was carried out on the fifth day. SEM was used to observe the morphology of the osteoblasts on the third day. Two types of nanophase hydroxyapatite both showed no cytotoxicity. Higher cell proliferation was observed on n-CDHA than n-HA. At the same time, cells spread more actively on the n-CDHA group. The ALP level of n-CDHA was also significantly higher on the former. Our results show that the n-CDHA is more suitable for osteoblasts growth and is also helpful for ALP synthesis.
INTRODUCTION
Hydroxyapatite (HA) which is similar to human bone with regard to chemical composition and has good biocompatibility is one of the most widely used materials in bone repair. Although standard hydroxyapatite has a Ca/P ratio of 1.67, it has been reported that apatite in bone is deficient in calcium with a Ca/P molar ratio below 1.67 and close to 1.5. 1 2 Some of the advantages of calcium-deficient apatite [Ca 10−x (PO 4 ) 6−x (HPO 4 x (OH) 2−x , 0 ≤ x ≤ 1, CDHA] such as composition similar to bone apatite as well as easier decomposition have recently been recognized. 2 3 With the aid of nanotechnology, nanocrystals can be formed dispersing in the hydroxyapatite matrix 3 and bone-forming cells have been observed to interact favorably with surfaces possessing nanostructured morphology. In fact, several studies on bone implants have revealed positive effect of nanophase surface on osteoblasts. [4] [5] [6] [7] [8] [9] [10] [11] [12] It is now generally recognized that a nanoscale surface can promote osteoblasts adhesion, proliferation, and function. 4 6 9-13 A systematic investigation on the influence of nanoeffect and also chemistry in cellular experiments can thus help to optimize the chemical composition and surface design of orthopedic materials. 12 In this study, two kinds of nanophase hydroxyapatite were synthesized using a wet chemical method and primary cultured * Authors to whom correspondence should be addressed.
osteoblasts were employed to determine the biocompatibility of the two nanophase materials with different chemical components.
MATERIALS AND METHODS

Materials Preparation
The hydroxyapatite powders were prepared by a simple aqueous precipitation method.
14 Calcium nitrate Ca(NO 3 2 · 4H 2 O and diammonium phosphate (NH 4 2 HPO 4 were dissolved in deionized water at two different concentrations to obtain Ca/P molar ratios of 1.67/1 or 1/2. Then pH value of the solution was adjusted to 10-11 with an ammonia solution. The Ca(NO 3 2 solution was mixed with the (NH 4 2 HPO 4 solution under continuous stirring. The suspension was put in a constant temperature shaker (Guohua Electrical Corp., China) while an ammonia solution was used to keep the pH value above 10. After shaking for 24 h, the precipitates were centrifuged, rinsed with deionized water 3 times, dried at 80 C for 24 h, and finely ground. The powders were then compacted in a tool-steel die employing a uniaxial pressing cycle (0.2 to 1 GPa for 10 min) to form pellets with a diameter of 13 mm and thickness of 2 mm. After the pellets were sintered at 600 C to improve their resistance, they were degreased, ultrasonically cleaned, and sterilized in a steam autoclave at 120 C for 30 min.
The surface roughness (SR) of the pellets was measured with TR240 SR measuring equipment (ShiDai, China). Field emission scanning electron microscopy (FESEM, JSM-6700F by JEOL, Japan) was used to observe the topography of the samples. Powder X-ray diffraction (XRD) patterns were acquired using the Cu K radiation on a /2 diffractometer (Siemens, Model D5000, Germany) after sintering separately at 600 C and 800 C for 2 h to determine the structure.
Cell Experiments
Cytotoxicity assay was carried out in a standard laboratory procedure according to international standard ISO 10993-12.
14 In cell proliferation test, the samples were located into the 24-well tissue culture plate and sterilized. 1000 l (about 2 × 10 4 cells) of the primary cultured osteoblast cell dispersion was inoculated onto the samples (6 wells/group) and cultured for 3 days. The culture plate without samples constituted the control. After culturing for 3 days, the viable cells were determined by a modified MTT assay method.
14 In cell ALP assay, 5 × 10 4 cells were inoculated onto each sample (6 wells/group) and cultured for 5 days. The culture plates without samples served as the control. In each group, osteoblasts were lysed using distilled water and three freeze-thaw cycles on the fifth day. The method of Lowry was used to assay the alkaline phosphatase activity in the cell lysates. 16 17 The light adsorbance of these samples was measured on a spectrophotometer (MR600 Spectrophotometric Microplate Reader; Dynatech) at 410 nm. The relative alkaline phosphatase activity was normalized by the cell proliferation level. Significant differences between the groups were identified by the T-test with SPSS. Two samples from each group were fixed on the third day in 2.5% glutaraldehyde/1% paraformaldehyde in 1 ml sodium cacodylate buffer for cell morphology observation. The fixation buffer was then replaced by guanine-HCl-tannic acid for 15 min and rinsed twice in H 2 O. The cells were further fixed with 1% osmium tetroxide in fixation buffer for 30 min, rinsed in sodium cacodylate buffer, dehydrated in a graded series of ethanol, and finally immersed in hexamethyldisilazan for 3 min. The samples were dried in air and examined by JSM-840 SEM (JEOL Japan) after gold coating.
RESULTS
Result of XRD Analysis
The X-ray diffraction patterns (Fig. 1) obtained from the n-HA samples match quite well with those of standard HA exhibiting a relatively high crystallinity. The pattern acquired from the n-CDHA powder after 600 C sintering is accordance with typical HA diffraction pattern, which means n-CDHA dose not decompose under 600 C sintering. It is significantly different for that of n-CDHA after 800 C sintering, which shows a new diffraction pattern. The tricalcium phosphate (TCP) pattern is observed to transform from n-CDHA at 800 C 18 and no other elements are observed compared to the TCP pattern. This indicates that n-CDHA has decomposed into TCP completely at 800 C within 2 h.
Crystal Morphology Observation
FESM observation results show the rods like nanoscale morphology of the samples. The n-HA nanostructures have diameters of 40 to 55 nm and lengths of 79 to 100 nm (Fig. 2) . And the n-CDHA nanostructures have diameters of 25 to 40 nm and lengths of 75 to 100 nm (Fig. 3) .
Surface Roughness
The Ra value separately is 0 326 ± 0 065 for n-HA group and 0 340 ± 0 080 for n-CDHA group (Fig. 4) . There was Fig. 2 . FESM micrographs for n-HA (100,000×).
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no significant difference observed between the two groups (P > 0 05).
Result of Cytotoxicity
L929 cells have comparatively high relative proliferation rate (RPR) for each group and show an active metabolism activity (Fig. 5 ). According to international standard ISO 10993-12, the cytotoxicity for n-HA and n-CDHA ranks 1 that shows no cytotoxicity for both materials. 
Cell proliferation
The cells on both samples exhibit active proliferation. As shown in Figure 6 , the absorbency value of the n-CDHA group is 1.3 times the value of n-HA group. The difference is statistically significant (P < 0 05). Figure 7 shows the relative ALP activity of osteoblasts on the two types of nanostructured materials. The ALP activity of cells on n-HA is lower than that on n-CDHA. Again, the difference is statistically significant (P < 0 05). 
ALP Activity
Cell Morphology
There are many living osteoblasts on the surface of both samples. The cells have a spindle like or stellate morphology. Although all the cells spread well with whole cellular membrane and rich cellular plasma, the proliferation on the two types of surfaces is distinctly different. More cells are observed on the n-CDHA sample by SEM and it is confirmed by the proliferation MTT results. The cells on the n-CDHA samples show more microstructures. Many villuses on the cellular membrane are observed on n-CDHA samples while rarely observed on the n-HA samples (Figs. 8, 9 ).
DISCUSSION
CDHA is known for its higher solubility compared to standard HA. 19 It is also the reason why many perceive the materials to have higher activity and biocompatibility but comparative investigations on these bio-ceramics have been scarce. Recently, Kasten 20 studied three types of apatite including HA, CDHA and TCP and reported that CDHA could promote cell adhesion and proliferation. The three materials used in their study were implanted into the back of SCID mice which failed to show the bone induction effects. It was suggested that CDHA was superior to HA but similar to TCP according to the deposits of osteoid. However, the CDHA used in the above study was a novel porous material with higher surface area than the other materials and so the comparison is less persuasive. Others 21 have reported that HA exhibits increased Zeta positive potential with increasing Ca/P ratios between 1.55 and 1.70. The albumin in the serum exhibits a negative potential and will attach and adhere on the surface with positive potential more easily. When the Ca/P ratio in the HA increases, more albumin adsorbs onto the surface from the serum or culture medium. It is well known that albumin plays an important role in osteoblasts adhesion and a small Ca/P ratio of CDHA may adversely affect osteoblasts adhesion.
Research and applications of nanomaterials having unique properties have drawn wide attention. The study carried out by Webster demonstrates improved osteoblasts proliferation and ALP function level on nanophase materials. 4 9-13 In the present work, two types of nanophase hydroxyapatites are studied. It has been reported that Ca/P molar ratio of the apatite can be reflected by XRD pattern of the sintered powder. 22 Pure TCP is formed after calcination of a powder with Ca/P = 1.50. For Ca/P values lower than 1.50 second phase appears: calcium pyrophosphate Ca 2 P 2 O 7 . For Ca/P values higher than 1.50, HA is formed as a second phase. For Ca/P = 1.67, it will be pure HA powders. There can be a high variability of the powder composition after calcination even for very low variations of the Ca/P molar ratio of sintered apatite. Judging from XRD patterns, the two synthesized materials has maintained consistent Ca/P molar ratio with the reactant solution provided separately with Ca/P ratio 1.67 and 1.50. At the same time, XRD result indicates that samples sustained 600 C sintering in this study are n-HA and n-CDHA without decomposition. Although constant process procedure was adopted to prepare test samples, surface roughness still is measured to exclude the influential factor of surface roughness. In fact, the results reveal a consistent surface roughness of pellets produced by pressing cycle technique.
In cell biology studies, the results indicate that cells on both groups possess a high metabolism activity, implying that osteoblasts grow well on both types of materials. Because in a certain range the cell number has a direct correlation with the formazan formed during the test, the cell number can be represented by the absorbance values. 15 Our data indicate that osteoblasts proliferation is higher on the n-CDHA surface. The adsorbance values derived from MTT show the difference in the amounts of cells on the two types of samples. It is also noticed that there are more osteoblasts clusters on the n-CDHA samples within the field of view for SEM observation. The result may be caused by the difference in solubility of n-HA and n-CDHA. 23 Osteoblasts usually begin to differentiate after a monolayer is formed in vitro. Our study uses a comparatively higher inoculation density of cells at first so as to promote cell differentiate more quickly. The 5th day is selected to assay the ALP activity and the results indicate that the ALP activity is higher on the n-CDHA surface. The activity level on the HA samples is still quite low on the 5th day. However, it does not suggest that the chemical composition of n-CDHA has more influence on osteoblasts differentiation than proliferation because only the cells have achieved a certain density can mature. With regard to the HA samples, the cells may turn into the phase of functional maturation later influenced by the lower cell proliferation quantity resulting in low level of ALP synthesis.
SEM reveals that the cells spread and grow well on both materials. However, cells on the n-CDHA surface have richer cellular plasma and more mini-filopodias are observed. The mini-filopodias are presumed to be the sensor instrument of cells used to collect space information. 24 Observation of filopodias protruded from the cell body suggests that they are locating to areas of interest, even though the chemistry across the sample surface is homogeneous. And more cell clusters in the observation field further evidences the results of proliferation test. The n-CDHA materials maybe provide more biological signs (chemical composition or active nanosite) suitable for osteoblasts. When designing new-generation tissue engineering materials, it is important to present cells with cues that will enhance biological responses.
CONCLUSION
Osteoblasts react differently to the two kinds of nanophase apatites, standard hydroxyapatite (n-HA) and calcium deficient hydroxyapatite (n-CDHA). Cell growth is better on the n-CDHA surface and the cells show more active morphology and function. Hence, according to our results n-CDHA is more suitable for cell growth and tissue engineering scaffolds.
